FUZZY-DEA MODEL FOR MEASURING THE EFFICIENCY OF TRANSPORT QUALITY
Introduction he significance and role of urban and suburban public transport of passengers (USPT) has an irreplaceable function in the lives of citizens, economy and all activities within a city. The quality of transport service of the system affects the efficiency of production, suppor-ting processes and other activities of people in the city. The role of local authorities in these processes is crucial, as they are obliged to create conditions for long-term stability of the USPT systems. A system should also be allowed to develop under controlled conditions to realise the required quality as the only true indicator of its success.
A USPT system is a business that requires large resources, funds for vehicles, employees, facilities and equipment, energy and the like; therefore, it is of crucial interest for the economy of cities and the country as a whole to have each USPT company operating immaculately. However, an even greater priority is to ensure greater efficiency of the system and also to provide conditions for the quality of transport service to rise to a higher level and meet the required quality requirements. Namely, the urban and suburban public transport of passengers is not profitable, as it possesses no standard economic characteristics, primarily due to the fact that it is a public service. Holders of the USPT activities are public companies owned by local or regional authorities. In this case, the missing funds to the level of cost -the cost of operating the current business as well as the required financial resources for development are provided primarily via state subsidies.
Generally speaking, USPT systems enjoy high subsidies and grants in Serbian cities, so that 20 to 80% of the ongoing costs of the system operation is covered by the price of the service and the rest is provided from other sources. Investments, as a rule, are covered from the local, regional and central governments whose interests are to have the investment implemented quality closer or equal to the required. The difference in the nature of public transportation in larger and smaller cities should, however, be emphasized. In larger cities, the urban public transport taking place in the continuous built-up areas is much more prominent compared to the urban transport. On the other hand, in smaller towns suburban transport is more dominant, organized as part of local and intercity transportation. Suburban transportation that connects suburbs with the city centre has the same function as the urban public transport in the inner-city area, primarily because it enables commuting to work, school, etc. Such transport has far-reaching socio-economic significance, since residents live in small suburban areas, mostly in their own homes, and work or study at the very centre which is a continuously developed urban area, in this way not overloading the infrastructure. Since there is a tendency to develop medium size cities in Serbia (70,000 to 350,000 inhabitants) mainly working in the industrial and services sectors, primarily due to the intensive construction of roads or the general standard of the population increase, there is a socio-economic interest to treat suburban public transport as urban. The tendency is to organise and implement a modern integrated system of urban and suburban public transports of passengers that will allow rising the quality of service, an instigator for the development of studies that have analysed the efficiency of USPT for medium size cities in Serbia.
The paper presents the measurements of the current performance of the required quality of USPT services in cities using a fuzzy-DEA model. The aim of the paper is to use the DEA for gaining insight into the current state of quality of service delivered by the USPT system and making proposals to improve inefficient USPT systems up to the level of its best standards.
Relevant references
The DEA is a method based on linear programming, which is becoming an increasingly popular management tool. It is commonly used to evaluate the efficiency of a number of 'units' such as a group of producers, banks, or hospitals characterized by multiple inputs and outputs. In fact, the DEA is suitable for evaluating almost any relatively homogeneous set of units, but nowadays it is also recognized as a decision-making aid in multi-criteria analyses of discrete alternatives. The concept of DEA methodology makes it suitable for successful application in the manufacturing and service organisations. Due to its application flexibility, the DEA has inspired many authors to investigate the efficiency of transport.
The idea of measuring efficiency was developed by Farrell in the mid-twentieth century when he used non-parametric approach efficiency limits for measuring efficiency as a relative distance from the border efficiency [9] . This measure, referred to as empirical or relative efficiency was later expanded, especially in the work of Charnes, Cooper and Rhodes [4] . They called this technique Data Envelopment Analysis or DEA. The non-parametric advantage of the DEA has become increasingly popular in businesses that require the definition of a number of input and output parameters of efficiency. A business analysis based on one criterion has been used as the primary method for measuring efficiency in the past. However, as Kemp's papers suggest, one of the evident dilemmas is how to display the standards of comparison when there are a number of criteria [28] . One measure is rarely enough to measure efficiency. Financial indicators of the relationship between the individual outputs and inputs, such as Return on Investment (ROI) and Return on Sales (ROS) can be used as indicators that characterize the financial impact. However, they do not meet the requirements when best practices are sought for and are not sufficient to measure efficiency.
It is important to mention the work of Su and Rogers [22] . This paper presents the years of traffic efficiency studying in countries that are members of the Organization for Economic Cooperation and Development (OECD), using the Data Envelopment Analysis to assess the grade of efficiency. The analysis includes variables associated with conducted tran-sportation, added value, economic contributions and carbon dioxide. The analysis provides annually efficiency scores for each country, proposals to improve the efficiency of individual countries and consideration of factors that influence the efficiency of the transportation system.
In addition to the research conducted by Su and Rogers [22] , other significant research has been conducted by Duygun, Jackson and Weyman [8] . The paper was inspired by the liberalization movement in European air traffic that began in the late 80's. According to [8] , in numerous surveys, primarily by Windle and Good, the efficiency of carriers has been compared, proving that the air carriers in the liberal U.S. market were more efficient than their colleagues in the European market which is regulated more strictly. Bailey noted that the reform of regulations in the USA increased competition, lowered prices and provided significant benefits to users [1] . Evident benefits of American liberalisation and actual inefficiency of the European carriers forced the European Commission to introduce certain reforms in order to promote competition and thus increase the efficiency of European carriers.
Oum and Yu used the DEA to estimate efficiency in the analysis of the impact of certain variables on the efficiency of the European railroads [17] . The DEA helped Kerstens to estimate the performance of the French urban public transport companies [13] . In the same manner, Gillen and Lall analysed the efficiency of airports [10] .
The procedure in most of these studies included two steps. The first step was to measure the efficiency and efficiency distribution in certain times and establish procedures and in the second the Tobit model was used in order to explain the impact of descriptive parameters of efficiency (the parameters that cannot be quantified) on the efficiency of operations.
In the next section, a proceeding from the relevant theoretical approaches, a fuzzy-DEA model for measuring the efficiency of a USPT was developed. The aforementioned model will be shown in the following section of the paper.
Fuzzy-DEA model
Transportation planning, organisation and management of traffic and transport processes are associated with making certain decisions. Depending on the context of the problems in certain cases highly precise input and output data are available. In such situations, provided that there is an adequate model that can help the decision-maker, favourable solution will result from the decision. However, there is often uncertainty in the data necessary for making certain decisions and decisions are often made based on experience, intuition and subjective evaluation of certain parameters by the decision-maker.
It is important to point out that the subjective evaluation of certain traffic parameters varies from passenger to passenger, the decision-maker to decision-maker. Thus, at the stage of mathematical modelling of traffic processes whose parameters are not sufficiently certain, uncertain or subjectively estimated, it is necessary to use mathematical methods to treat uncertainty, imprecision or subjectivity in a satisfactory way.
While researching the quality of USPT services a problem appeared concerning quantification of the output parameters: reliability, ride comfort, equipment and organization of stations, as well as staff friendliness and tidiness.
For quantification of these parameters the theory of fuzzy sets was used as the most appropriate mathematical apparatus for handling uncertainty, subjectivity and imprecision. The fuzzy-DEA model is shown in Fig. 1 . The optimization of choice by the application of fuzzy logic in practice has been applied many times [2, 18, 7, 15] Phase 1. The first phase includes the selection of DMU whose efficiency is measured that is, the choice of decision-making units. It is necessary that the units whose efficiency is analysed refer to the same organization unit and special care should be taken not to model incomparable units in the decision making process. In special cases, decision making units can belong to different areas or sectors. Then, the effectiveness of common business processes and activities for different areas or sectors within specific functional groups of the organization are measured and compared.
After this, input and output parameters of efficiency of the selected decision making units are defined. The parameters are defined based on theoretical and practical experiences from the given area, depending on the particular business requirements. It is necessary to define the representative parameters, i.e. parameters that best present the activities and processes to which they refer. Good input and output parameters reliably represent all the resources (material, personnel, financial and informa-tion) used by the decision-makers, as well as all the business results of the unit. If the parameters are not well allocated, the results may indicate the superficial interpretation as well as partially correct and incorrect conclusions regarding the efficiency of decision making units observed. What is also important is that the values of the defined parameters are obtained from reliable sources and references and are consistent for all the compared units. The DEA approach does not require knowledge of specific functional forms among the input and output parameters, unlike other traditional statistical approaches. The advantage of the DEA is the possibility to consider multiple input and output parametres that are diverse and expressed in different measurement units.
Phase 2. The second phase includes the quantification of input and output parametres using the fuzzy logic and defuzzyfication -projection of the linguistic variables values in real numbers. In designing the fuzzy sets the main question is how to choose the membership function
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Formally speaking, the fuzzy set A is defined as a set of ordered pairs
Triangular fuzzy numbers with membership functions (Fig. 2 ) are used in this paper.
Triangular fuzzy numbers are usually given in the form
where 2 a is the value at which the membership function of the fuzzy number is 1.0, 1 a is the left distribution of the confidence interval and 3 a is the right distribution of the confidence interval for the fuzzy number A .
The membership function of the fuzzy number A is defined as:
The values of the output parameters that describe the quality of USPT presented as a set of linguistic descriptors
where T is the overall number of linguistic descriptors. The number of linguistic descriptors is 5 T = : very low -VL, low -L, medium -M, high -H and very high -VH (Fig. 3) . The linguistic descriptors have the following values [2] :
The presented fuzzy sets, i.e. the values of the linguistic variables are projected into real numbers. This operation is called defuzzyfication (Fig. 4) . For defuzzyfication or the fuzzy number The centre of gravity method was used in this paper ( ) ( )
The decision making group i.e. representative sample for each of the selected cities comprised 10% of the population of each using USPT. All participants were entitled to assess once each of the output parameters and decision-making was equal.
Each participant was assigned a set of linguistic descriptors to describe the values of output parameters. This provided as many sets as there were participants in the assessment. Group decision-making differs from single (individual) on methodological and mathematical levels. In case of multiple decision makers it is, as a rule, necessary to apply special techniques in defining, analysing and solving problems. In this case of group decision-making, the group synthesis with complete and incomplete information was applied.
In the case of the group synthesis with complete information, assuming that all members ( 1, 2,..., ) e n = of the group G are considered equal in decision making and all have performed evaluation of the optimality criteria for the given hierarchy, all the individual preference scores were aggregated at all levels of the hierarchy according to the expression [18] :
where j λ represents the preference of the decision maker to the attribute i .
In the case of the group synthesis with incomplete information microaggregation at the position ( ) , i j in the given matrix is done by the geometric mean of the assessments of those group members who expressed the preference i E compared to the element j E . In this case it is necessary to have at least one of the decision makers declare for the value ij a . The modification of the previous form yields [18] :
where l is a set of group members who evaluated the elements couple ( ) 
… … m inputs s outputs
Decision-making units are compared according to the level of difficulty assessed according to the same parameters and the greater the set of units, the more objective the analytical comparison process is. When calculating efficiency the appropriate DEA model is selected according to the research objectives and designation of the obtained results. The third phase is the actualization of the previous two with the crucial focus on the correct interpretation of the results. In this phase, potential opportunities for business advancement are identified as well as implementation of the defined and selected ameliorations. The main objective of the phase is to strengthen the roots of the imperative of change. It is necessary to thoroughly explore the consequences of the implementation of business ameliorations and integration of knowledge gained in the organization.
This phase allows for the adoption of strategic and management decisions and setting priorities in problem solving. The obtained results and their detailed analysis present numerous possibilities for decision makers to improve their business [19] .
Case study application
The USPT service quality efficiency measuring was conducted in sixteen medium-sized cities in Serbia, Table 2 . Based on the theoretical and practical experiences and uniformity of methodology for collecting and presenting data, input/output indicators were selected ( Table 1) .
The criterion set
( 1, ,7)
consists of two subsets: -K + -subgroup of benefit type criteria, a higher value of the criterion is preferred and -K --subset of cost-type criteria, a lower value is preferable. The values of the input and output parameters are defined according to the studies considered. Input parameters were originally quantified variables (Table 2) . Output parametres are linguistic variables quantified using fuzzy logic. These values are considered to be the decision of the group and represent the quantified values of the output parameters of quality efficiency of the service provided by the USPT system (Table 3) . The measure of the USPT efficiency is determined by the output-oriented model based on maximizing the outputs while keeping the inputs at current levels.
on condition that: For a full assessment of efficiency the Slack-based model measuring the efficiency using the same data and allowing a full assessment of the inefficient systems was selected. increase the output parametres of efficiency resulting from the implemented rationalisation i.e. the actual level of the results increase) for inefficient USPTs for them to achieve the best standards.
Results and discussion
As given in Table 4 , out of 16 USPT systems analysed, five meet the necessary and sufficient conditions of the efficiency ie have the efficiency evaluation and own standard equal to one, while all the other standards λj = 0 for every j = 1, 2, 3,..., 16. The research shows that the USPTs in Nis, Vranje, Cacak, Valjevo, Loznica, Uzice, Kruseavac, Kraljevo, Leskovac, Pozarevac and Novi Pazar are inefficient.
The USPT Nis received the efficiency evaluation θ * = 1,06326 and the standards: λ 1 = 0,220; λ 3 = 0,780 (λ 3 > λ 1 ). This means that the benchmarks for USPT are Nis, Novi Sad and Zrenjanin.
Based on the results given in Table 4 , the following conclusions can be drawn:
-for inefficient USPT systems in Nis, Vranje, Cacak, Loznica, Uzice and Leskoavac the best benchmark is the third USPT system, i.e. the USPT system in Zrenjanin.
-for inefficient USPT systems in Valjevo, Krusevac, Pozarevac and Novi Pazar the best benchmark is the eighth USPT system, i.e. the USPT system in Jagodina and -for inefficient USPT systems in Kraljevo the best benchmark is the sixth USPT system, i.e. the USPT system in Kragujevac.
The results of the Slack-based models show the boundary values of the input and output parameters for the inefficient systems of USPT.
For the USPT in Nis: Based on the marginal values, it is necessary to implement a complete rationalisation of the inefficient USPT systems inputs. With such inputs, it is necessary to achieve outputs characterized by the output parameters of reliability (punctuality of arrival), the ride comfort, equipment and organization of the stations and staff friendliness and tidiness, greater than the value of the existing output margins. The benchmarks based on which the rationalisation of the input and output parametres of the inefficient USPTs is performed are shown in Table 4 .
Conclusion
DEA methods of operational research are being increasingly used in the transportation sector, for the comparative analysis of efficiency of entities operating under similar conditions and using the same types of inputs to produce the same kind of outputs. In the case of quality efficiency evaluation of the USPT systems, the DEA method is acceptable as it simultaneously takes into account multiple inputs and outputs and objectively evaluates the relative efficiency.
In all the selected cities, a standard survey on a sample of 10% of the population using the USPT services was conducted. This means that the presented studies included the service quality in terms of: availability in space and time, services convenience of use and stability. The model being open can include even greater number of parameters which would result in more objective assessment of the USPT service quality.
Based on the calculated performance the index value was made. The DMU division into relatively efficient and inefficient ones was performed based on the calculated value of the efficiency index. In addition to the relative efficiency of the USPT systems the DEA identified the benchmark with more efficient USPT which are examples of good operating practice for the inefficient DMU.
The DEA methodology application provides efficient input/output levels display for each inefficient unit with which it would become efficient. Successful implementation of this methodology certainly depends on the quality of the input data, a consistent choice of the input and output parameters used in calculations and requires a dynamic aspect of monitoring, i.e. evaluation of performance for years in a row. 
